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IntrothtcHon 

The analytical principle of limited reagent im- 
munoassay techniques is dependent upon Two 

Corrupmdence to: M.Q. McOenwiy. Department erf p 4 ih- 
otajiesl BioeWUuy, RoynJ tnGrWtey, OUsgow ©4 OSF, U.K. 

* Tr^" '* * ^""^ Of Dyflo to*utri« 
A S, Uflcjtram, Norway. 

* MA. McConway i, » u«nber of th» Snrtfcih Antibody 



Atlrrietbm: CDl, l.l'-oirhonyldiiaiUMote; t. u»w»- 
Xine: T,. iriiiXiothyronlw; LH, InbiJ^g korvxm*; MA, 
r*fioimn)Hi»u»y; IgO, iaunnoo^obidia O; DASG, donkey 
aoiMheep/joai; DAR, donkey AnitabUt; PSH, fanid*. 
stlaHilaUae hennas; OH. povtb hormone; u«yl chlorite. 
teifluorotiW sulphonyl ehfeiMc; BSA, bavins .mim al- 
bumin; ANS, g-aiiUlooiuphthoknc I -julphoaate; EPPS, 



MJ2-17SV»7/M3.50 * 10*7 EUcvi« Scisnc. Mtfd» rt B.V. (JUo^Ual tXvUon) 



rnqjor factors; firstly," the presence of an analyte- 
4peci£c antibody at limiting saturable concentra- 
tion and Jttsondjy. estimations of the proportions 
of asalyte parti tioned between Qjotibody-boimd 
and free fractions. The Utter is usually monitored 
by the incorporation of a trace of labelled analyte, 
tuually but not exclusively radioactivity, and an 
Unknown uafyte quantitated by comparing its 
distribution with that of a set of analyte standards 
(Ekina, 1974). 

The majority of imminioas$ay$ in clinical chem- 
istry laboratories, with the exception of the 'ho- 
mogeneous' non-separation assays, us* physical 
separation techniques, e.g., electrophoresis, gel 
permeation, adsorption and precipitation to dif- 
femUiaw between bound and free fractions, as 
reviewed by RatcUffe (W74, l$fl3}. Currently, the 
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most efficient and practical separation systems 
Involve either U» covatent linkage of the primary 
analyte-speciflc antibody to particulate salld- 
phaaes (a.*, cellulose or dexfcran) (Wide and 
Porath, 19*/S) or the use o/ 'second' or 'double* 
arili -spede« antibodies designed to precipitate tha 
primary antibody wider optimised conditions 

(Hates and Randle, 1963). Use latter can also be 
covalently linked to solid-phase particles, usually 
particles of high capacity, e.g., Sepharose (Den 
Hollander and Schunrs, 1971). In cither case, a 
simple post-reaction ccntrifugatioa step separates 
antibody-bound and free fractions. 

Solid-phase systems are increasing in popular- 
ity since virtually complete separation of tin frac- 
tions can ba Achieved, particularly it washing sys- 
tems aie included. This yields assays of improved 
precision and bias, free from nuMlassificauon er- 
rors and consequently more rugged than their 
liquid-phase counterpart*. Similarly, solid-phase 
n**ays axe in general quicker 10 perform, not re- 
quiring the cXLra time tO form insoluble precipi- 
tates, although conventional liquid-phase double 
antibody systems can be accelerated by the 
addition of polyethylene glycol (Edwards, 1983). 

Ideally, for the solid-phase approach to be 
acceptable in routine clinical chemistry laborato- 
ries, several criteria must be fulfilled. Firstly, the 
solid-phase malarial chosen should be readily 
available and cheap, with a particle size small 
enough for it to remain buoyant during incubation 
but large enough to form a stable pellet after 
cfsMrifugation. Secondly, the material should have 
surface groups commensurate with uncomplicated, 
non-toxic activation and coupling chemistries, with 
sufficient capacity for both primary and second 
antibody solid-phase 'applications. Finally, the 
preparation and subsequent application of the 
adopted solid-phase system should not be more 
tedious in practice than the system which it in- 
tends to replace.. 

In an attempt to fulfil these criteria two solid- 
phase micToportiDulate polymers, Dynospheres and 
nylon, and two activation chemistries involving 
cither tresyl chloride or carbonyldiimidazole (CD!) 
were studied in detail with a view to providing 
solid-phase reagents suitable for use in a routine 
clinical chemistry laboratory, 



Matorlak 

The following materials were purchased from 
commercial sources: l,l'-carbonvMiiinJdazQ]e, 
thyroxine and tritdoihyronine (sodium salts) 
(Sigma Chemical Coi, porsei. U JC); 2,2,2-trifluo- 

roethanc sulphonyl chloride (Fluka, Flttorochem, 
Glossop, UJC); Pynospheres XP4101 (Pyno 
Industries A-S, Lnlestrom, Norway); nylon 6/6 
(polv(hexatnerbylene adiporaide)) (Aldrieh Chem- 
ical Co., Gillingham, U.K.); concentrated hydro- 
chloric acid, pyridine, acetone, eUtUOlarnine, 
buffer salts and additional reagents (Anakr grade) 
(BDH. Poole, Dorset, U.K.). 

Radbiodlnated thyroxine fT 4 , t-f^rj. NBXlll, 
specific activity approximately 150 pCi/ag) and 
trilodoihyroiune (Tj, i-SAy^a NEX110H, 
specific activity approximately 1200 uQ/ug) were 
purchased from New England Nuclear (Du Pont 
(U.K.), Herts. U.K.). Kfldioiodinaled lotcinising 

bonpon© wW made locally using (he lacto peroxi- 
dase- procedure (Karonen et al, 1975). 

Sheep antisera to thyroxine (pool 066/7) and 
triiodothyronine (pool 083), together with donkey 
anti-sheep/goat and donkey anti-rabbit serum, 
were obtained from the Scottish Antibody Produc- 
tion Unit (Law Hospital, Carluke Lanarkshire. 
U.K.). Antiserum to luteinising hormone 
(WRB/F87-2-83) was a gift from Professor Butt 
(Birmingham and Midlands Hospital for Women, 
" " " ,U.K.> 



(I) Frtparaticm of mtcraparticulatt nylon 

Microparticulaie nylon was prepared by a mod- 
ification of the procedure described by Hendry 
and Herrmann (1980). Nylon 6/6 pellets were 
dissolved overnight (approximately IS h) In hy- 
drochloric acid, specific gravity 1.18 (40 ml/g 
rtvlon). The dissolved nylon was then recovered by 
dropwUe addition of the acid solution to stirred 
distilled water (2 1/g nylon) from a glass pasteur 
pipette. Average particle site was estimated to be 
approximately 1 urn by microscopy. The particles 
were collected by ccntrifugauon, followed by 
filtration on a glass mierofibre filter (Whatman 
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QF/A, Maidstone, UJL) under reduced pressur*. 
The particles were washed in acetone prior to 
activation. 

(2) Preparation of IgG from aniisera 

Partially purified IgO was prepared from animal 
antisera by the H-octanoic acid fractionation 
technique of Stelnbucb ud Audran (1969). Essen- 
tially, 20 ml of antiserum was adjusted to pH 5 by 
dmpwise addition of 0.1 M acetic acid, then 1.76 
ml of n-octunoic acid was added slowly with 
vigorous stirring. After 30 min, the mixture was 
ccntrifuged a&d the IgO is solution removed. An 
improved recovery of IgO was achieved by -wash- 
ing the precipitate. The IgO solution was then 
extensively diatysed against 0.01 M sodium bi- 
carbonate (pH 8) and concentrated to SO mg/tul 
by ultrafiltration, before storage at -20"G The 
protein concentration was then deUrnuned by the 
method of Schaeterle and Pollack (1973). 

(3) Activation of bynasphent with tregyi chloride 

Essentially, the solid-phase activation followed 
the procedure described by Niutad ct al (1982, 
1984). Dynosphere* were received from the 
manufacturers as a 10% w/v suspension. 10 ml (1 
g) were Iransfer/ed to a glass filtration apparatus 
(suppUed by MilUpore (UX), Harrow. Middlesex, 
O.K.) containing a 0.45 urn nylon filter (Anachem, 
Luton, U IC), washed under reduced ptwm with 
50 ml acetone and allowed lo air dry. The dried 
particles were subsequently placed into a conical 
glass tut tube cMtainins a triangular polyietiaflu- 
orocUiylene-coated magnetic, spinbar (Radleys, 
Sawbridgeworth, Herts, U.K.), together with 112 
ml acetone, 5 5 ml pyridine and 3.3 ml tresyl 
chloride. This gave a final Dynosphere concentra- 
tion of 50 mg/ml and a molar ratio tresyl chlo- 
ride: pyridine of 1:2.3. The reaction was vigor- 
ously stirred for 15 min at ambient temperature 
and the activated Dynospheres recovered and 
washed with SO ml distilled water by filtration. 

(4) Activation of Dynatpheres and uylen wltk CDl 

Dynosphere* and nylon mlcroparticlw were 
activated with CDl by a modification at the pro- 



cedure psed for microcrystalline cellulose by 
Chapman and fUtdiffe (1982), and Chapman et 
ftl. (1983). 1 g of either polymer was washed with 
50 ml acetone and air dried as previously described 
before suspending in 20 ml acetone to give a final 
particle concentration of 50 rag/ml. 0.5 g solid 
CDl, equivalent to a concentration slightly in 
excess of 3 mmol/g particles was quickly added 
and the rtactants stirred vigorously for 15 min at 
Ambient temperature. The activated particles were 
washed in 50 ml distilled water and recovered by 
filtration. 

(5) Cvoatml linkage of antibodies to activated poty- 



Covalent linkage of IgG isolated from DAJL 
serum acted as a model system to determine the 
optimal coupling conditions for each of the 
activated microparticles. Various conditions, time, 
pH, buffer molarity and concentration of IgG, 
were studied, and the optimal situations 
determined by examining the behaviour of the 
DAR IgG-liuJceU mlcmpar tides, as solid-phase 
second antibodies in an LH RlA. 

In general, each of the activated microparticle 
preparations was sonicated for about 3 min to 
disperse aggregates and suspended in an ap- 
propriate coupling buffer containing the DAR 
IgG. IgO coupling occurred by end-over-end mix- 
ing at ambient temperature for a defined period of 
time. After coupling, the roicropai tides were 
washed in 1 M ethanotanune/HCI, pH 9.5 to 
block any remaining reactive groups and were 
recovered by filtration before testing in the RlA. 

(6) Kadiotmmuttoassays for evaluation of the 
activated miavparticiej 

(a) Solid-phase primary antibodies 

IgO fractions of sheep anti-T, and anii-Tj, 
prepared as described previously, were covalently 
linked to each of the activated microparticles to 
form solid-phase primary antibody reagents, fiaeb 
solid-phase antibody was studied in ft radioim- 
munoassay for either T t or Tj as follows: 

0) Thyroxine RlA. A range of T 4 standard 
solution! {0-300 nmol/I) in charcoal-lteated hu- 
man serum (0.05 ml) (StockWlJ, J&79) was 
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incubated with 0.1 ml »»I-T 4 {NEXlU; 150 
uCi/«; 400 pg/tuW) and 02 ml of each solid- 
phase antibody at various concentration* in 0.1 M 
phosphate buffer, 0154 M sodium eWorld o, 01% 
B$A, 1.25 g/1 ANS, pH 7.4 for 1 b at ambient 
lempemture without shaking. Post Incubation, 1.0 
ml of &$% sodium chloride was added, the tubes 
centtifuged for 15 min at 1500 x g and the super- 
natant (free) fraction aspirated, The solid-phase 
(bound) fraction was Uvea counted on an auto- 
mated gamma counter for 30 s. 

(if) Triiodothyronine HI A. 0.1 ml aljquots of 

t, standards (0-J5 nmol/J) ia charcoal treated 

serum wore incubated with 0.1 ml 1M I-T, 
(NEXllOH, 1200 /tCi/ag; 60 pg/tube) and 02 
ml of each solid-phase antibody at various con- 
centration* in 0.1 M phosphate buffer. 0.154 M 
sodium Chloride, pH 7.4, containing 0.1% BSA 
and 0 34 g/1 ANS for 2 h at ambient temperature 
without staking. 1.0 ml 0.9% sodium chloride was 
added before eentrifugattnn. separation ' and 
counting for 30 *. 

(b) Sotid phase ftcond antibody 

IgG fractious from DAR and PASO sera were 
covakntly linked to each of the activated micro, 
particles. These reagents were mmm inH as solid- 
phase second antibodies in LH RIAs using, either 
rabbit or sheep primary anti-LH as appropriate. 

ft) Lwcimstng htrmcne RJA. 0.1 ml 11J I-LH 
(20000 cpm; specific activity 50-100 JtC2/>&) was 
incubated overnight (16-18 fa) with either 0.1 art 
rabbit anri-LH serum (WRB/F87-2-83, 1 : 200000 
initial dilution) or 0.1 ml sheep anti-UK (SAPU 
S116, 1 : 500 000 initio] dilution) together with a 
further 0.1 ml assay diluent (0.05 M phosphate 
buffer, 0.05* BSA pH 7.4). Separation followed 
the addition of 0.1 ml of solid -phase DAR IgG or 
DASO IgG as appropriate. Various names of 
solid-phase weit studied both with and without 
shaking, usually with 30 run incubation. Again, 
1.0 ml 0.9% sodium chloride containing either 
0.1% Triton X400 or 0.1* Brij-35 for nylon and 
<U* Tween 20 for Dyrosnhetet was added before 
centxifugation (15 rain, 1500 X g). The solid-phase 
{bound) fraction was counted for 30 a, and the 
efficiency of the solid-phase second antibodies 
fttse&sed by the maximal degree of binding of 

lts I*LH in eacb caie. 



Results 

(J) Optimal activation of the micnp&rtidet 

To determine the optimal concentration of 
activator, pynewpherts (50 rag) were reacted with 
either tresyl chloride or CDI at concentrations 
ranging from 3.7 to 36.7 mmol/g and 005-5.15 
romol/g respectively, and nylon nrieropartlclcs (50 
nag) were activated with CDI alone over the con- 
cCtttration range of 1.54-15.4 mmol/g. All activa- 
tion reactions wen stirred at ambient temperature 
for time Intervals up to a maximum of 30 min. 

IgG from DAR serum was coupled to each of 
the activated microparticlcj (500 ttg IgO/50 rag 
particles) in 4 ml of 0.5 M borate buffer pH 9 J 
using end-over-end rotation for 30 min. After 
washing with ethaaolwninc/HCl, the particles 
were suspended in 0.05 M phosphate buffer pH 
7.4 and stored at 4"C before assay. Each of the 
preparations was assessed as a solid-phase second 
antibody in an LH RJA using a rabbit primary 
antibody (see methods section). 

Dynospheres required at least 30 mmol/g iresyi 
chloride to fully activate the micropanicles 
whereas Dynospheres or nylon miciopai tides were 
fully activated with 3 mmol/g CDI. CDI therefore 
activates with greater efficiency. 

Dynospheres, independent of activating agent, 
achieved maximal RJA binding after 16 min 




ft* 1. Cnuphag *fBdmy m * rWtioo of pH tot Dyao- 

ipberti tetNatad wttb tttsjt ohtartdc (■ ■): 0.S M 

bonk buffer (mirioium bMinj »*). (0 0): 0,5 M 

aibquli buffer (maximum binding 32$). 



to 

the 

60 

sob' 



bufi 

Dy, 
mat 
opti 
boR 
for 
(tele 
low 
of t 



(til 

C 



sphe 
ofh 
ing 
choa 
lion. 

mi 



PACE 17/21 * RCVD AT 5/25/2004 12: 



;37:16 PNI JEastem Dayliflht TimeJ • SVR:USPTO-EFXRF-1/ 



) " CSID: " DURATION (mm-ss):09-»8™ 



i 



FROM MORGAN LEW 1 S PHILADELPHIA NEC-9-2 

05/21/2084 10:09 MWCR1 * 912159655601 



(T UE, 5.25-04 1 2:5 0/ST. 1 2 = 42/NO.486 1 408176 P 18 

NO. 910 



Ions 
115 
(SO 



9.5 
fter 



*yl 



activation, whereat nylon mieroparticlea required 
marginally longer, i.e., 15 ram. 

(2) Optimal conditions for cooalent coupling 

(a) Time of mtpling 

The rale of coupling of DAR IgQ to each of 
tbe activated micr op article was >nmpr"4 over a 
60 min period. In each case, independent of both 
types qf microparticla tod activation reagent, a 15 
m reaction time gave & maximally efficient 
$clid-pls3e second antibody preparation when 
examined to the test LH RIA. 

(b) Coupling pH 

Variant buffers; acetate pH 3-5, phosphate pH 
5-8, EPFS pH 7-9, borate pH 7-11 and Carbonate 
pH 8.5-1 1, each at OS M, were used to investigate 
the effect of pH on the coupling of DAR IgQ to 
Dynospheres and nylon microp articles activated 
with either treeyl chloride or CDI. In each case the 
coupling time was 30 min. 

Coupling to CDI-aetivated oucroparticles (Dy- 
nosphraxs or nylon) wu independent of pH and 
buffer salt within the range pH 4-11. However, 
Dynospheres activated with tresyl chloride hud a 
marked pH dependence (Pig. 1), pH 9.0-9.5 being 
optimal. Phosphate buffer, 0.1 M. pH 7.0 and 
borate buffer. 0.25 M, pH 9.0 were finally chosen 
for coupling to CD! activated nylon mlcropar- 
ticles. and Pynospheres respectively due to the 
rower non-specific binding levels achieved by each 
of the microparddes when used as solid-phase 
second antibodies in RIA. 

(c) Efftct of eovpUng buffer molarity 

Coupling efficiency was alio examined follow- 
ing changes in buffer molarity from 0.05 M to 0.5 
M. A rmnimum of 0.25 M borate buffer, pH 9.0, 
was requited for tresyl chloride activated Dyno- 
spheres. but coupling efficiency was Independent 
of buffer molarity whenever CDI was the activat- 
ing agent. 0.1 VI phosphate buffer, pH 7.0, was 
chosen arbitrarily for coupling after CDI activa- 
tion. 

(A) Effects ef changes in conctntratton of aatpattd 
mimparticlcs 

Variation of activated rnicfOpartiaU; concentra- 
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tions from 5 to 40 ntg/ml during the coupling of 
either CD! activated Dynospheres and nylon, or 
tresyl chloride activated Dynospheres to DAR 
IgG did not produce any change m coupling ef- 
ficiency. 

(*) Effect of IgQ concentration 

At this stage tho more efficient reagent, CDI, 
was used to activate both Dynospheres and nylon 
microparticles to study the effect of IgG con- 
centration on the coupling reaction. Several differ- 
ent IgQ preparations were examined. DASC IgG 
and DAR IgG were coupled a t concentiauQO$ 
ranging from 0.5 to 50 rug/g particles, whereas 
sheep anti-T 4 and sheep aati-T, were similarly 
coupled over a wider range of concentrations 
ranging from 3.0 to 2000 mg/g particles. Both 
solid-phase donkey anthera were examined for 
maximal binding attained following separation or 
the test LH RIA using either rabbit or sheep 
anti-LH primary antibody as appropriate. The 
solid-phase sheep aatlscr* were used directly as 
primary antibodies in RIA$ for T 4 or T, (Pig. 2). 
Maximal attainable binding in Uw respective RIAs 
was taken as indicative of tbe optimal IgG cou- 
pling concentration. 
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Not surprisingly, the concentration of IgO 
required for maximal binding in each case was 
dependent upon the respective antibody litres. 
DAR IgQ was used at 10 mg IgO/g particles. 
DASG IgG at 20 mg/g particle and both sheep 
auti-T 4 IgG and sheep «ntt-T, IgQ wore used at 
100 mg/g particle* (Fig. 2) reflecting the low dtres 
of the antithyroid antl^a and the hyperimmune 
status of both precipitating sera. 

(3) Summary of optimal activation and coupling 
conditions with CD1 as activator 

1 g of cither miCropartiole in 20 ml acetone 
containing 0.5 g CDI was stirred vigorously for 15 
min at rtt>m temperature, Aft«r washing in dis- 
tilled water and recovery by filtration, the miero- 
particles were nsuspended in 50 ml 0.J M phos- 
phate buffer pH 7.0 with 10 mg at DA SO or DAR 
IgG or 100 mg of strecp auti-T, or T 4 IgO. Cou- 
pling was achieved by rotation Cor 30 rain at room 
temperature and residual Active groups were neu- 
tralised by washing with a blocking agent (SO ml 1 
M eihanolamme/HCl pH 9.5) for 60 min at room 
temperature. The microp articles wore then rcsus- 
pended in assay buffer at a concentration ap- 
propriate for immunoassay- On average, 1.3 mg 
IgG were coupled to 100 mg of nylon (as 
determined by the method of Schaetcrle and Pol- 
lack (1973)) 

(4) Applications of solid-phase rtagenu to ton- 



fa) Solid-phase sec 

tyFimeofinadniton. DAR IgO and DASG 
IgO were covalcnlly linked, under optimal condi- 
tions, to CDI-activated Dynospherea and nylon 
microparticles respectively, Both preparations, 
Dynospheres 0.5 mg/tubc and nylon 1.0 mg/tubc, 
were wed to determine the minimum incubation 
period required to achieve maximal precipitation 
of the bound fraction in the u&t LH RIA using 
rabbit or sheep anti-LH primary antibody as ap- 
propriate. Nylon nucroparticlea and Dynorphercj 
were incubated at ambient temperature for time 
periods up to 60 min. Continuous shaking was 
unnecessary since both types of particle remained 
buoyant and immtinorxactiVO tiROUgJlOUt thO 60 



min incubation. Independent of the antibody cou- 
pled, a short incubation of 30 min was sufficient 
for maximal precipitation of the bound fraction. 

fil) Capacity. Since, in general, the effi- 
ciency of the solid-phase second antibody sep- 
aration Can be expected to deteriorate as the tiuc 
of the first antibody decreases, each of the opti- 
mally prepared reagents, PAK and DASG IgO 

covulcnUy linked to bo\h Dynospheres and nylon 

microparticles, was investigated to determine its 
affective operating range in terms of Urst antibody 
concentration. Non-immune IgO. rabbit ar sheep, 
W added to eith«r rabbit or aheap anti-LH senim 
as appropriate to simulate a range of first anti- 
body titres decreasing from 1 : 250 000 to 1 : 5000. 
Nylon microparticks (at 1 mg/tube). linked to 
cither DAR. or DASG IgG, retained their ef- 
ficiency with first antibody titres as low as 1 : 5000. 
Dynosphercs (at 0-5 mg/tube), however, linked to 

DASO and DAR IgO lost efficiency at titres of 
1 : 25 000 and 1 : 10 000 respectively. This situation 
could be expected to improve if the particles were 
used at a concentration equivalent to nylon mi- 
croparticles, Le. 1 mg/tube. 

(Ill) Application*. Dynosphercs or nylon mi- 
croparticles linked optimally to either DAR or 
DASG IgG as appropriate have been applied suc- 
cessfully as solid-phase second antibodies in a' 
wide range of immunoassays, including LH. FSH, 
OH and prolactin. 

(b) Solid-phase primary antibodies 

(0 Solid-phase MA of thyroid hormones. 
Partially purified IgG fftmn both sheep anti-T 4 
and anti-T, sera coupled to Dynosphercs and nylon 
niicropartielet under optimal conditions were ex- 
amined for their utility in solid-phase RIA of 
serum thyroid hormones. 

Antibody dilution curves, where the mass of 
solid-phase particles was reduced from 2000 to 30 
fig/tube arc illustrated In Fig. 3. Nylon, micropar- 
ticles gave binding in excess of 70% with both T ( 
and T, antibodies at 2000 pg/tubc. Antibodies 
linked to Dynosphercs did not compare favoura- 
ble suggesting a reduced IgG binding capacity. 
Binding to Dyuospheres-llflked anti-T,, IgG was 
dwuioportionaloly low, 40% at 2000 jig/tube, in- 
dicating that the combined factors of poor solid- 
phase capacity and low antibody litre led to the 
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sion <4* CV) across the dLakally relevant dose 
range (1.0-3.0 nmol/1) with nylon retaining better 
precision at high dote levels. 
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Fi^ 3. Antibody dUvUioo cmvw for toBdphaaa T, Ma (T>y- 
nosphem (ft— *). Bylon <0»-O) And for Mltd-paut T, RJA 
(Dynosyfcens (V A. nylon O)). CDt «aiv«- 



productiQa of a poor quality solid-phase inap- 
pxopriau for use in RIA. However, if the Dyno- 
spheres were linked la a higher litre antibody, at 
occunwl with U>« anti-T, IgG. this factor tends to 
compensate tor the tow capacity of the activated 
solid-phase providing a reagent suitable for use in 
RIA. In this case 50% binding can be achieved 
with 500 ug Dynaspheres/tube, 

Standard cwves for the T« and T, RlAs with 
nylon antj-Tj, nylon anti-T 4 and Dynospherea 
asthT] at 500 ft &/ tube and Dynospheres anti-T^ 
at 1000 jig/tube were analysed ' to derive 
response-error relationships (Jt£R) and iatra-as- 
say precision profiles for the respective solid-phase 
RlAs (calculated ocoordinfi to Bans, 1983). 

Analysis or the precision profiles derived for T 4 
RIA indicated thai both solid-phase antibody pre- 
parations (Dynospheres or nylon) gave similar 
assay pcirormante. "Both preparations gave assays 
with sensitivities of < 10 nraolA maximal preci- 
sion (6% CV) within the clinically relevant dose 
range (50-150 nnwl/I) and good precision ( < 10% 
CV) maintained at 300 nmol/i Chi balance, nylon 
was marginally superior. 

A similar patient was observed in Tj RIA: 
Dynospherea exhibited better sensitivity than 
nylon, although both were adequate for clinical 
purposes. Both solid-phases gave maxima? pred* 



Commercial Dynospheres and repreoipilated 
iwid-lrydxolysed nylon 6/6 microparticlcs possess 
many of the desirable features required of On ideal 
solld-phaAe matrix for iminunoas&ay- 

Dynospherea ere uniform bydropfiilic particles 
(about 3 hid in diameter) consisting of a poly- 
styrene core surrounded by an acrylic shell con- 
taining liydroxymothyl jnethacrylate with a den- 
sity of 1.07 g/cjrr\ these factors combine to pro- 
vide a tnicrop article with surface groups (-OH) 
available for covalent linkage of antibodies and a 
Capability Of regaining buoyant during the major- 
ity of incubation periods encountered in im- 
munoassay. Similarly, repredpitated nylon micro- 
particles (about 1 ftra in diameter) remain buoyant 

and also have surface groups (-NHj) available fot 
covalent linkage. 

A careful, critical, comparison of tbc two ml- 
croparticlei with respect to ease of activation with 
either tresyl chloride or CDI and application to 
immunoassay as either solid-phase first or second 
antibody reagents has been nndertBien. 

Analysis of the two activation procedures indi- 
cated optimal activation times of less than 15 min 
is each case, but optimal activation was achieved 
at « lower concentration for CDI (3 rotjjol/g) than 
tresyl chloride (30 mmol/g), eoaGrnung that CDI 
activates with greater efficiency. Coupling of anti- 
bodies to tresyl chloride activated microparticles 
was also markedly pH and molarity dependent 
being optimal at pH 9.0-9.5 in 0.25 M coupling 
buffer. Alternatively, antibody coupling to CDI- 
activated rnicroparticlea was pli and molarity in- 
dependent aver the ranges studied. These factors 
together with the high cost of tresyl chloride and 
the relatively hazardous nature of both tresyl chlo- 
ride and pyridine led us to adopt CDI as the 
preferred activator. In general, the activation pro- 
cedure outlined 19 highly practical for a busy 
clinical ehemutry department since solid-phase re- 
agent* con be prepared rapidly within a single 
working day. 
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For solid-phase second antibody applications 
both types of mlcropartide were capable of re . 
nwtofog tn suspension during the 60 min incuba- 
tion periods studied. Both DAR and DASO Jin- 
«d to Pyn<»phere» or nylon micropwticles 
achieved maximal precipitation of the teartafaelled 
antibody after 30 rain incubation. This flndine 
would allow a saving of 16-24 h compared with 
conventional Mould-phase second anybody sys- 
terns. However, further analysis designed to sirow- 
lato Hi* effect of reducing the first antibody litre 
showed that the nylon raicroparrjdea hid a mater 
capacity for coupling second antibody and conse- 
quently were able to maintain their separation 
effectiveness as the first antibody ti<re was re- 
duced to 1 : 5000 dilution. Nevertheless, although 
nylon microparticles were more flexible in this 
respect, both particles behaved identically. 

In conchuion, Dynospheres are of limited me 
where the litres of the antibodies are low since the 
costs Involved in adding higher quantities of par- 
tides to compensate for Ous effect are not negligi- 
We. Nylon, whose costs are negligible since the 
particles are easily prepared from raw nylon 6/6 
pellets, acts as a more flexible general solid-phaie 
matrix. However, current work has indicated 
higher non-jpedfje binding with nylon particles 
when wed as a solid-phase primary antibody re- 
agent, a factor which is presently being investi- 
gated together with iheleadbility of usingeach of 
the microporlioks in automated RIA systems. 
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